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lA IB 



where R is hydrogen, methyl or hydroxymetfiyl. The preferred catalysts comprise S-hydroxymethyl quinudidine, 3- 
methyl-3-hydroxymethyl quinudidine and 4-hydroxymettiyi quinudidtne. 
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Description *- 

CROSS-REFERENCE TO RELATED APPLICATION 

The present applicaftlon is a oontinuation-in-part of AppllcBtion Serial No. 08/463,1 54 filed 5 June 1995. 

TECHNICAL FIELD OF THE INVENTION 

The present Invention relates to tertiary amine catalysts for catalyzing the urethane reaction in making poly- 
urethane foam. 

BACKQRQgNP or THE INVENTION 

^ i.f'dlyijrethane foams are .widely known and used in automotive, housing and other industries Foam is generally 
/ referred to as rigid, microceiluiar, or flexible: Typically, in the preparation of pqlyurettiane fo^ms. a tertiary amine catalyst 
; Is used to accelerate the reaction of the'polyisbcyanate with water to generate cart)on dioxide as a blowing agent and 
' to accelerate the reaction with pdlyols to .promote gelling^ Tertiary amines g«ierally are malodorous and offensive, and . 

many, have high volatility due to low molecular weight. Release of tertiary amine during foam.proqessing may present 
^ significant safety and toxicity problems, cmd release of residual amines from consumer products is generally undesira- 

tAe. * " ■• • ' - ■ i..^- r • ' • 

Amine catalysts which contain primary and/br secondary hydroxyl functionality typically have limited volatility and 
low odor when compared to related structures which lack this functionality. Furthernme, catalysts which contain 
hydroxyl functionality chemically kx>nd into the urethane during the reaction and are not released from the finished prod- 
uct. Catalyst structures which embody tilts concept are typically of k3w to moderate activity and are designed to promote 
primarily the tjtowing (water-isocyanate) reaction. 

U.S. 4.957,944 discloses certain dimetiiylamino alkyleneoxy isopropariols for use as a catalyst for preparing pdy- 
urethane foam. 

U.S. 5,071 .809 discloses tertiary amine catalysts oontairang secondary alcohol functionality fbr use in prepsuing 
polyurethane foams. The tertiary amines containing secondary alcohol functionality are prepared by reacting an olefinic 
nitrile witii an aliphatic polyol having at least one secondary hydroxyl functionality, followed by reductive all^ation of the 
resulting cyanoalkylated polyol with a secondary aliphatic or cycloctiiphatic amine, including those containing hetero 
atoms. 

U.S. 4.590.223 discloses the preparation of tertiary amines containing secondary alcohols Isy reacting N-all^-pip- 
erazines with an alkyleneoxide. 

Secondary alcohol functionality is preferred in these structures t^ecause the catalysts exhibit a desirable balance 
between their j3romotion of the water-isocyanate reaction and their own reactivity with isocyanates. In contrast, cata- 
lysts which contain primary alcohols react rapidly with isocyanates and thus high use levels are required. Catalysts 
which contain tertiary alcohols react slowly with isocyanates. kxjt the urethanes which are formed from the tertiary alco- 
hols have poor ttiermal stability. See G. Oertel. ed. "Pdyuretiiane Handbook," Hanser Publishers, Munich, 1985, pp. 
82, 84 and H. J. Fabris, "Advances in Urethane Science and Technology," Vol. 6, Technomic Publishing Co., Westport, 
CT. 1978, pp. 173*179. These urethanes may degrade and release the catalysts at temperatures substantially below 
' the decomposition temperature loflhe foam itself. The free amine could then accelerate foam decomposition. 

A catalyst which strongly promotes the polyol-isocyanate (gelling) reaction is necessary for the manufacture of 
many polyurethane foams. Triethylenediamine (1 ,4<liazabicycto[2 2-2.]octane) is widely used for this purpose. Quinuc- 
lidine (1-azabicyclo[2.2.2.]octane) can also be used as a gelling catalyst, particularly when the polyol contains a pre- 
ponderance of secondary hydroxyl groups (U.S. 3,036,021). Quinuclidine is more reactive than triethylenediamine for 
the production of polyurethane fbams. Both triethylenediamine and quinuclidine are volatile materials which will not 
remain trapped in tiie foam. 

U.S. 3,036,021 also discloses that 1-azabicyclooctanes and their alkyi, amino, hydroxyl, nitro, alkoxy and halogen 
derivatives can also be used as gelling catalysts, although no distinctions were made with regard to the effect of catalyst 
structure on activity or suitability for incorporation into a foam. 

U.S. 4,186.040 discloses a solid, pyrotechnic composition fbr dlssentination of 3-quinudidinyl benzylete, the com- 
position consisting essentially of 3-quinuclidinyl benzylete arxJ an oxidizer incorporated in a solid foamed polyurethane 
binder. No information is provided on the utility of quinudidinyl benzylete as a catalyst or as a TEDA replacement. Fur- 
thermore, quinuclidinyl benzylete does not remain trapped in the foam. 

U.S. 5,143,944 discloses the use of 3-quinuclidinol and its alkbxylated derivatives, all of which contain secondary 
alcohols, as high activity, high selectivity gelling catalysts which will react with and remain trapped in the foam. 

U.S 4.546,185 discloses tiie synthesis of S-hydroxymethyl quinuclidine fbr use as a pharmaceutical intermediate. 
No information concerning the utility of 3-hydroxyrnethyl quinuclidine as a polyurethane catalyst is provkled. 
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SUMMARY OF THE INVENTION 



The present invention provides a catalyst composition for catalyzing the trimerizatioh of an isocyariate and/or the 
reaction between an isocyanate and a compourxJ containing a reactive hydrogen, e.g., the urethane reaction for making 
polyurethane. The catalyst composition is a family of hydroxy-functional amines which comprises 3-hydroxymethyl qui- 
nudidine (i.e., 3-hydro3^ethyt-1-azablcyclo[2.2.2.]-octane) and 3-8ubstituted derivatives of 3-hydrQxymethyl quinudi- 
dine, as represented by fdlcwing formula 1A. and A-hydrcxymethyl quinudidine (i.e.. 4-hydroxymethyl-1- 
azabicydo(2.2.2.]-octane), as represented by fdlowing formula IB: 




where R is hydrogen, methyl or hydroxymethyl. 

As an advantage of the catalyst composrtions, they strongly pronxste the polyolisocyanate (gelling) reaction and are 
sutssequently incorporated into the pdyurethane product. 

Another embodiment of the present invention is a polyurethane foam prepared by reacting a polyisocyanate, a 
polyol. water, cell stabitnzer and a catalyst composition which oonrprises at least one of the hydroxyl functional amines 
of the above formulas lA and IB. 

DETAILED DESCRIPTION OF THE INVENTION 

The catalyst compositions according to the invention can catalyze (i) the reaction between an isocyanate function- 
ality and an active hydrogen-containing compourxl. i.e. an alcohol, an amine or water, especially the urethane (gelling) 
reaction to make polyurethanes and the blowing reaction of water with isocyanate to release cartx)n dioxide for making 
foamed polyurethanes. and (ii) the trimerization of the isocyanate functioriality to form polyisocysmurates. 

The polyurethane products are prepared using suitable organte polyisocyanates well known in the art including, for 
example, hexamethylene diisocyanate, phenylene diisocyanate, toluene diisocyanate C^C^ and 4,4*-dipheny!methane 
diisocyanate ("MDH. Especially suitable are the 2,4- and 2,6-TDIs individually or together as their commercially avail- 
able mixtures. Other suitat>le isocyanates are mixtures of diisocyanates known commerdally as "crude MOr, also 
known as PARI, which contain about 60% of 4,4*-diphenylmethane diisocyanate along with other isomeric and analo- 
gous higher polyisocyanates. Also suitable are "prepolymers" of these polyisocyanates comprising a partially prere- 
acted mixture of polyisocyanates and polyether or polyester polyols. 

'^-^ -Illustrative'bf suitable pbtybts as a component of the polyurethane conrposition are'the polyalkylene ether aridpol^ 
yester polyols. The polyalkylene ether polyols indude the poly(alkylene oxide) polymers such as poly(ethytene oxide) 
and poly(propylene oxide) polymers and copolymers with terminal hydroxyl groups derived from pdyhydric conrpounds, 
including dids and triols; for example, among others, ethylene glycol, propylene glycol. 1 ,3-butane diol. 1 .4-t>utane diol. 
1,6-hexane diol. neopentyl glycol, diethylene glycol, dipropiylene glycol, pentaerythritol, glycerol, diglycerol. trimethylol 
propane and like low mdecular weight pdyols. 

In the practice of this invention, a single high molecular weight pdyether polyol may be used. Also, mixtures of high 
molecular weight polyether polyols such as mixtures of di- and tri-functional materials and/or different molecular weight 
or different chemk^al composition materials may be used. 

Useful polyester polyols indude those produced t>y reacting a dk»rt>oxylic add with an excess of a diol. for exam- 
ple, adipic acid wHh etfiylene glycol or butanediol, or reacting a lactone with an excess of a did such as reacting capro- 
lactone with propylene glycol. 

In addition to the polyether and polyester polyds. the mastert>atches. or premix compositions, frequently contain a 
polymer polyd. Polymer polyols are used In polyurethane foam to increase the foam's resistance to deformation, i.e. to 
increase the load-bearing properties of the foam. Currently, two different types of polymer polyols are used to achieve 
load-bearing improvement The first type, described as a graft polyol, consists of a triol on which vinyl monomers are 
graft oopolymerized. Styrene and acrylonitrile are the usual monomers of chdce. The second type, polyurea modified 
polyols, is a pdyd containing a polyurea dispersion formed by the readion of a diamine and TDI. Since TDl is used in 
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6X0688, 8om6 Of the TDI may react witli both the polyol and polyurea. Thie second type of polymer polyol has a variant 
called PlPA polyol which ie formed by the in^u polymerization of TDI and alKanolamine in the polyol. Depending on 
the load-bearing requirements, polymer polyols may comprise 20-80% of the polyol portion of the ma8tert>atch. 

Other typical agents found in. the polyurethane foam fbrmulations include crosslinkers such as ethylene glycol, 
butanediol, diethanolamine. diisopropanolamine, trietiianolamine and/or tripropanolamine; blowing agents such as 
water, . methylene chloride, trichlorof luoromethane and the like; and cell stabilizers, such as silicones. 

A general polyurethane flexible foam fbrmulation containing the catalyst composition according to the invention 
would comprise the following componerits in parts by weight (pkiw): 



10 



,15 . 



20 



Rexible Foam Formulation 




Parts by Weight 


Polyol 


20-80 


Polymer Polyol 


80-2b*-^ 


Silicone Surfactant 


1-2.5 


Blowing Agent 


' 2-4.5 


Crosslinker . 


0.5-2 ^ 


Catalyst 


0.5-2 


Isocyanate Index 


92-115 



25 



The^urethane catalyst composition comprises a 3-hydroxymethyl quinudidine compound of the fbllowing general 
formula lA or 4-hydroxymethyt quinudidine, or mixtures thereof: 



30 



35 




OH 



lA 



40 



where R is a hydrogen, methyl or hydroxymethyl, preferably methyl. 
" SpecifictxxTipositions-include'thefollbwirigcom^ " 



45 



SO 




OH 



3-Hydroxymethyl Quinudidine 



The 3-hydroxymethyl quinudidine may be prepared by the procedure of U.S. 4.546.185. 



55 
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OH 



3-Methyl-3-Hydrdxymethyl Quinuclidine 



The 3-methyP3-hydrbxymethyl qufnudidine nrv^ bep'repared by reacting ethylpyridine wrftilomrialdGliyde fo afford 2* 
methyl-2-(4-pyridyO-i ,3.i3rbp€medtol which is hydrogenated to 2-methyl-2-(4-piperidyl)-1 ,3-propanediol which in turn is 
cyclized to the qidnuclidine product. V 



The 3-bis(hydroxym6thyl) quinuclidine may l>e prepared by reacting 4-piooline with fomnaidehyde to afford 2- 
hydrQxymethyl-2-(4-pyridyl)-1.3'propanediol which is hydrogenated to 2-hydroxymethyl-2-(4-ptperidyl)-1,3-propanediol 
which in turn is cyclized to the quinuclidine product. 



The 4-hydrc»cymethy1 quinuclidine may be prepared by a procedure sinrtilar to that in U.S. 5,190,953, but starting with 
isonipecotic acid ethyl ester which is available from Aldrich Chemicals. 

The mixtures can be prepared by simply t)lending the desired amounts of the 3-hydroxymethyl quinuclidine com- 
pound(s) and/or 4-hydraxym6thyl quinuclidine. 

A catatytically effective amount of the catalyst composition is used in the polyurethane formulation. More specifi- 
'Calty;^itat)le'amouhtst7f the catalyst'composition'nri^y'ranj^fr^ by weight polyol- 

in the polyurethane formulation. 

The catalyst compositions may also contain other tertiary amine, organotin and metal carboxylate urethane cata- 
lysts well known in the urethane art 





OH 



4-Hydroxyinethyl Quinuclidine 



Example 1 



In this example a polyur^hane foam was prepared in a conventional manner. The polyurethane formulation in parts 
by weight was: 
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COMPONENT 


PARTS 


E-648 Polyol 


60 


E-519Polyol 


40 


Water 


3.5 


Diethanolamine 


1.49 


DC 5043 


1.5 


TDI80 


105 index 


E-648 polyol - ethylevie oxide 
tipped, conventional polyether 
polyol marketed t>y Arco Chemical. 
E-519 polyol - styrene-acrytonitrile 
filled, ethylene oxide tipped poly- 
ether polyol marketed by Arco 
Chemical. 

.DABCO® DC 5043 silicone sur- 
factant marketed tsy Air Products 
and Chemicals, Inc. 
TDl 80 - a mixture of 80 wt% 2.4- 
TDland20wl%2,6-TDI. 



TTie foam reactivity was measured using either 33 wt% 3-hydroxymethy1 quinudidine (3-HMQ) in dipropylene glycol 
30 or DABCO 33LV® catalyst (33 wt% triethylenediamine in dipropylene glycol) as gelling catalysts and DABCO® BL-1 1 
catalyst [70 wt% bis(dlmetfiylaminoethyt)ether in dipropylene glycol] as the blowing catalyst. The 3-HMQ was prepared 
according to U.S. 4,546.185. Tab\e 1 sets forth conditions and results. 



35 




Table 1 






Catalyst 


DABCO 
33LV/DABCOBL-11 


3-HMQ/DABCO 
BL-11 




Amount (mmdes) 


1.04/0.52 


1.04/0.52 


40 


Amount (pbw) 


0.35/0.12 


0.44/0.12 




. Jop.pf^Cup^l.(sec). _ 




,.,.....„J3^8,..,_ 




Top of Cup 2 (sec) 


37.2 


39.0 


45 


String Gel (sec) 


73.1 


71.1 


Full Rise Time (sec) 


103.3 


111.3 



BO Times cited were from mixing of the polyol mastert>atch with isocyanate. Top of Cup 1 represents the time required 
for the foam fornrulation to fill a 16 oz cup and is an indk:ation of reaction initiatton. Top of Cup 2 represents the time 
required for the foam formulation to fill a 1 gal cup In addition to the 16 oz cup mentioned above arxJ is an indication of 
reaction progression. String Gel and Full Rise are further measures of region progression and provkie some indica- 
tion of extent of cure. 

55 The advantage of 3-hydroxymethyl quinucfidrne is that, when compared on an equimolar level, it provides an excel- 
lent reactivity match for triethylenediamine during the critica! early stages of the foaming reaction, and is then incorpo- 
rated into the polymer, as seen in the increased full rise time measurement Furthermore, the amount of 3- 
hydroxymethyl quinudidine can be increased to shorten the full rise time, but volatile emissions from the final product 
will not increase. 
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Synthesis of 4-Hydroxymethyl Quinucrdine 

5 Ethyl tsonipecotate (25 g; 0.159 mole) arxJ 40 mL Of dichloromethane were ac^ 

' flask equipped with a magnetic etir bar and an addition funnel under nitrogen. A solution of di-t-butyldicart)onate (34.7 
g; 0.1 59 mole) and 40 mL of dichloromethane was added dropwise over a period of 2 hr. The reaction mixture was then 
allowed to stir for an add'rtional 2 hr at room temperature. A yellow visoous liquid remained upon evaporation of the sol- 
vent Distillation (100-1 ^0^C, 2 mTon) removed excess starting material, resulting in 92% yield of the t-BOC ester. 
10 21.17gof the t-BOC.ester (82.3 mmple)msdiS80lyedM^ ^ ^. 

tom flask equipped with a magnetic stir bar. This solution was cooled to -40^C and lithium diisopropyl amine (45 mL; - - 

90.0 mmde) was added sicwty. under niirogeh. The reaction mixture was stirred for 1 hour at -15''C. The reaction mix- 
ture was then cooled to -40^0 arid bromochloroethane C7.5 mL; 90.1 mm^^ 
- : . to roomtemperature.overthe peri^ . 
I ; is tory evaporation! Theo-esidue was taken up in diethyl ether (75 mL) and washed with 150 mL saturated sodium btcar-: ' ' 
bonate. The aqueousiayer was'then extracted with diethyl ether (2 x 50 mL). The combined etHeTiC layers were dried overv , 
sodium sulfate, firtered^'and solvent evaporated to give an orange oil. I f . : > ; • , ; / 

The orange oil wa§:dissoived in dichloromethane (50 mL) arvJ cooled to O^'C in an ice t>ath. Trifluoroacetic add was . 
V : : ladded dropwise under nitrogent and the reaction mixture slowly warmed to room temperature and stirred for 2 hours. • . 

20 The solution was thert washed with 75 mL satura.ted potassium cartxmate. The aqueous liE^er was extracted with , 
dichteiromethane (2 x 50 mL) and the organic layers were combined and dried over sodium suHata Removal of the sol- 
vent resulted in an orange oil vvhich was dissolved in acetonitrile and reftuxed for 2 hr. Evaporation of the acetonitrile 
resulted in an orange oil which was then partitioned between dichloromethane and aqueous sodium bicart)onate. Sol- 
vent evaporation and distillation resulted in a viscous liquid. 
25 Reduction was th^n performed on the viscous liquid with lithium aluminum hydride in tetrahydrofuran to produce 4- 
hydroxymethyl quinudidine. This material was purified column chromatography on silica gel,- eluttng with methanol, 
to yield a white solid in 39.5% yiekJ. 

Examp les 

30 

This example compares the sef ectivities and activities of 3-hydrQxymethyi quinuclkitne and 4-hydroxymethyl quinu- 
didine with those of triethylenediamine. 3-quinudkiinol and 2-hydrQxymethyl triethylenediamine. 

The rate of isocyanate consumption as a function of time was measured using a formulation similar to that of Exam- 
ple 1 , but containing monofunctional reactants. Reaction samples drawn at the indicated times were quenched witii dib- 

35 utylamlne and analyzed by \tqu\6 chromatography. Catalyst selectivity is defined as the ratio of the rate of k>lcwing (urea 
formation) to the rate of gelling (urethane formation). A selectivity of "one** means that the amounts of tilowing and gel- 
ling are equal at that point in the reaction. A selectivity substantially below "one", for example about 0.3. is indicative of 
a strong gelling catalyst. A selectivity greater than "one" is indicative of a k>lowing catalyst. The catalysts were compared 
on an equimolar basis oon^esponding to a foading of 0.35 parts per hundred parts polyol of DABCX) 33LV catalyst in the 

40 pdyurethane foam formulation in Example 1 . Tat)le 2 sets forth the results. 
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Table 2 



Catalyst 


Time (min) 




0.5 


1.0 „ 


1.5 


2.0 


3.0 


4.0 


6.0 


8.0 


Triethylenediamine 


















Selectivity : 
% NCO Conversion 


0.30 
14.2 


0.35 
28.9 


0.45 
44.0 


0.50 
50.3 


0:61 
64.1 


0.69 
71.6 


0.73 


0.77 
83.6 


3-Quinuclidinol 


















' iSelectivity . 
' • . % NCiO Conversion 


0.33 
19,2 


0.43 
34.4 


0.51 
46.6 


0.517. 
54:5 


0.67 
*6&.3 


070 
72.7 


0.70 
79:3 


Q.70 
83.2 


^3rHyclrQ}^r^^ 


















jL^'fii^ v,Se1ectivity i iV- 

r> * ■r%NCoeon^ 


0.36 
23.1 


0.45 
39! 4 


0.52 
4916 


0.57 : 
55 9 


^c0i66.:; 


-0.70t 

Ton 


0.74 
75:4 


0.76/ 
79i 


:4THydroxymethyi Quinudidine 


















Selectivity 

% NCO Conversion 


0.34 
15.8 


0.40 
28.6 


0.44 
39.9 


0.48 
46.0 


0.55 
56.9 


060 
63.9 


0.68 
71.4 


0.69 
75.3 


2-HydrQ)(ynnethyl Triethylenediamine^ 


















Jl . .•Selectivity 

% NCO Conversion 


0.58 
5.3 


0.66 
10.9 


0.68 
15.7 


0.69 
21.3 


.a69 
28.4 


0.67 
37.1 


0.64 
47.8 


0.65 
54.8 



^ Run at twice tlie molar level of the first four catalysts. 

30 



3S 



40 



4S 




3-QuinucIidinol 3-Hydroxymethyl 4-Hyclrpxymethyl 

quinudidine quinudidine 

so 



The uniqueness of the 3- and 4-hydroxymethyl quinudidines Is that these are the first high gelling selectivity, high 
activity tertiary amine catalysts which contain primary alcohol functionality and function as mole for mole replacements 
55 for industry standard triethylenediamine. The activity as measured by % NCO conversion at 0.5 min. must increase in 
the order: trietiiylenediamine < 3-quinuclidinol < 3-tTydroxymethy1 quinudidine and 4-hydroxymethyl quinudidine to 
compensate for the incorporation of the catalyst into the polymer. The choice of primary alcohol containing structure is 
not obvious, because the related molecule 2-hydroxymethy1 triethylenediamine shows tx>th an initial selectivity which 
does not suffidentiy favor gelling, and an activity which is sufc»stantially lower than that of triethylenediamine. 
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Example 4 

Synthesis of 3-Methyl-3-HydrQKymethyl Quinudidine (MHMQ) 

MHMQ is produced b/ a three-step process starting with 4-ethyl^ 

1. 2-Methyi-2-(4i3yridyf)-1,3-propanediol (MPyPD) 

MPyPD is produced by the reaction of 4-ethy^yridine (167g: 1 .56 mole) and formaldehyde (93.6g; 3.12 mole) 
[1 70g formcel (55% formaldehyde/45% methanol)] in ah autoclave at 140''C/400 psig (27 atm) nitrogen/3-5 hr. The 
... excess 4-ethytpyndine. methanol and formaldehyde are removed tiy vacuum stripping, at 75-100?C. 
2. 2-Methyl-2-(4-pipericlyOr1 .3-propanediol (MPipPD) ' 
, . The crude MPyPD product mixture Is hydrogenated to produce MPIpPD: MPyPD (30-40% solution in isopro- 
f panol or tetrahydrofuran) is reacted over 20-30% of 5% Rh/C (or 5% RU/C) at 100-130^0/1000 psig (68 atm) hydro- 
gen/4-6 hr; MPipPD is purified by distillation (130-150''C/1 torr) to remove all volatile materials. ' 
- 3. 3-M6thyl-3-Hydroxymethyl Quinuclidine (MHMQ) x^^^^^ v - - ^ ^ . 
: . f ^ i^MPipPpfis cyclized to MHMQ bypassing an aquepus-iMlatipii^ catalyst bed of strontium 

r .-. phosphate €h 17 

^qtmriies u — • ... ..1 . : ' ; .*•.'' • . .d. . -i. ... -■. i; :/ i ■ " ■•' 

Synthesis of 3-Bis(hydroxymethyQ Quinudidine (BHMQ) 

BHMQ is produced by a three-step process starting with 4-picoline and formaldehyde: 

1. 2-Hydroxymethyl-2-(4-pyridyl)-1. 3-propanediol (HMPyPD) 

- HMPyPD is produced by the reaction of 4-picoline'(93g: 1 .O mble)] and formaldehyde (120g: 4.0 mole) [218g 
' formcel (55% tormaldehyde/45% methanol)] in an autoclave at 140-160'*C/400 psig (27 atm) nitrogen/6-10 hr. The 
excess 4-piooliha methanol and formaldehyde are removed by vacuum stripping at 75-1 00*^0. 

2. 2-Hydroxymethyl-2-(4-plperidyl)-1,3-propanediol (HMPipPD) 

The crude HMPyPD product mixture is hydrogenated to produce HMPipPD: HMPyPD (30-40% solution in iso- 
propand or tetrahydrofuran) is reacted over 20-30% of 5% Rh/C at 1 00-1 30'*C/1 000 psig (68 atm) hydrogen/4-6 hr. 
HMPipPD Is purified via distillation (130-150''C/1.0 torr) to remove all volatile materials. 

3. 3-Bls(hydroxymethyl) Quinudidine (BHMQ) 

HMPipPD is cyclized to BHMQ by passing an aqueous solution of HMPipPD over a fixed catalyst bed of stron- 
tium phosphate at 1 75-250''C. BHMQ is purified by recrystallization from ethyl acetate. 

The prior art high adivity amine gelling catalysts are fugitive in that they can escape from a foam during or after its 
manufacture. The present invention successfully incorporates primary alcohol fundionality into high activity gelling cat- 
alysts which display activity similar to that of TEDA, the industry standard. The primary alcohol functionality lowers the 
volatility^dflhe-catalysts df the ili>^entionrand prevents their escape from the finished foam product through the chemical 
reaction with the foam itself. 

The prior art does not indicate that 3-hydroxymethyl quinudidine and 4-hydroxymethyl quinudidine would k>e 
expected to have activity very similar to tfiat of TEDA. An activity match is desirable so that the catalysts for the present 
invention can be easily employed and accepted by industry as drop-in replacements for TEDA. 

STATEMENT OF INDUSTRIAL APPLICATION 

The present invention provides compositions for catalyzing the urethane readion and preparing urethane products, 
espedally polyurethane fbam products. 

Claims 

1. In a method for catalyzing the trimerization of an isocyanate and/or its readion with an active hydrogen-containing 
compound, the improvement whidi comprises using as a catalyst at least one compound of formulas lA and IB: 
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OH 
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IB 



..where R is hydrogen,, methyl or hydroxymethyl. 



IS 



20 



25 



30 



2->AThe methcxi of Claim 1 in which the catalyst is 3-hydrpxymethyl qulhliclidine. . ^ • " ■■ 

3...^ The method of, Claim 1 in which the catalyst is 4-hydroxymethyl quinudtdine. 

4. > The method of Claim 1 in which the catalyst is 3-methyl-3-hydroxymethyl quinuclidine. 

5. In a method for preparing a polyurethane foam which comprisies reacting ain organic polylsocyanate and a polyol 
in the presence of a blowing agent, a cell stabilizer and a catalyst composition, the improvement which comprises 

> employing a catalyst composition comprising at least one compound of the following fonnulas lA and IB: 




OH 




OH 



36 



lA 



IB 



40 



1 .nd , --1. i»» .!-\ 



45 



SO 



where R is hydrogen, methyl or hydroxymethyl. 

6. The method of Claim 5 in which the catalyst composition comprises 3-hydroxymethy1 quinuclidine. 

7. The method of Claim 5 in which the catalyst composition comprises 44iydroxymethyl quinuclidine. 

8. The method of Claim 5 In which the catalyst composition comprises 3-methyl-3-hydroxymethyl quinudidina 

9. The method of Claim 5 in which the catalyst composition also contains at least one other tertiary amine^ organotin 
or metal cartsoxylate urethane catalyst. 

10. The method of Claim 6 in which the catalyst composition also contains at least one other tertiary amine, organotin 
or metal cartx»ylate urethane catalyst. 

11. The method of Clairn 7 in which the catalyst composition also contains at least one other tertieury amine, organotin 
or metal cart)oxylate urethane catalyst. 

12. The method of Claim 8 in which the catalyst composition also contains at least one other tertiary amine, organotin 
or metal cartx)xylate urethane catalyst. 

13. In a polyurethane foam composition which comprises an organic polylsocyanate. a polyol. a blowing agent, a cell 
stabilizer and a catalyst composition, the improvement which comprises a catalytically effective amount of a cata- 
lyst composition comprising 3-hydroxymethyl quinudidine, 3-methyl-3-hydroxymethyl quinudidine or 4-hydroxyme- 
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thyl quinudldine. ** 

14. The composition of Claim 13 which comprises a catalyst composition comprising 0.1 to 10 parts 3-hydroxymethyf 
quinudidine and at least one other tertiary amine, organotin or metal caitx>xylate urethane catalyst per 100 parts 
t^ weight polyol. 

15. The composition of Claim 13 which comprises a catalyst composition comprising 0.1 to 10 parts 3-metliyl-3- 
hydroxymethyl quinudidine and at least one other tertiary amine, organotin or metal cartxscylate urethane catalyst . 
per 1 00 parts by weight pdyol. 

16. The composition of Qaim 13 which comprises a catal^ composition comprising 0.1 to 10 parts 4-hydrGKymethyl 
quinudidine and at least one other tertiary surdne, organotin or metal cartxxxylate urethane catalyst per 100 parts 
by weight polyol. 

17. A composition comprising 3-niiethyl-3-hydraxymethyl quinudidine:. 
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